There is increasing evidence that chronic inflammation affects the pathophysiology of epilepsy, especially the drug-resistant type. Drug-resistant epilepsy is a challenging condition, because of the difficulties in its management, and its unclear epileptogenesis. This study is looking at C-reactive protein (CRP) and interleukin-6 (IL-6) levels in those with drugresistant epilepsy and the correlation of these levels with seizure frequency. Hence, 40 children with drug-resistant epilepsy were included in this study and compared with 20 healthy volunteers (as a control group). Participants were aged between 5 and 15 years. Patients were divided into two subgroups, those with daily seizures (Group A1) and those with monthly seizures (Group A2). Serum levels of CRP and IL-6 were measured in all participants. The clinical characteristics, electroencephalography, and magnetic resonance imaging (MRI) findings were then compared. CRP levels were significantly higher in Group A1, at 21.88-93.29 mg/L than both Group A2 and the control group, at 3.02-40.37 mg/L and 2.23-13.18 mg/L, P < 0.01 and P < 0.001, respectively. The IL-6 levels were also significantly higher in Group A1, at 153.60-597.80 ng/L than in both Group A2 and the control group, at 97.40-232.50 ng/L and 12.00-96.30 ng/L, P < 0.01 and P < 0.001, respectively. Significantly higher levels of CRP and IL-6 were associated with earlier age of onset (P < 0.01), seizure frequency (P < 0.05), and the frequency of status epilepticus (P < 0.01). Moreover, frequent-generalized motor seizures are correlated with elevated CRP and IL-6 levels. As a result, this systemic inflammatory reaction in children may contribute to drug-resistant seizure and potentially could be used as biomarkers to be correlated with disease severity and prognosis.
Introduction
Epilepsy is one of the most common pediatric neurological disorder, with 4%-10% of children suffering from one seizure at least in the first 16 years of their lives. 1 Drug-resistant epilepsy at an early stage of the disease may be harmful to the brain development due to its interference with developmental milestones. 2 Epilepsy's pathophysiology has remained unclear in several regards, leading to insufficient seizure control in almost one-third of patients, as most antiepileptic drugs (AEDs) are directed to control seizures and not to cure epilepsy itself. 3 There is accumulating data from human studies and experimental models suggesting that the pathophysiology of epilepsy involves inflammatory process, and these studies show that frequent seizures could induce the production of inflammatory mediators, which in turn influence both the course and the pathogenesis of epilepsy. 4 C-reactive protein (CRP) is an acute-phase short pentraxin protein that is sensitized in the liver after exposure to inflammatory signals. Initially, it was recognized as an inflammatory marker. However, there are not many studies of CRP in the context of seizures or epilepsy. 5 Interleukin-6 (IL-6), however, is a pleiotropic multifunctional cytokine, which has many biologic actions on various cell types and tissues. Many clinical studies demonstrated that levels of IL-6 could increase after not only focal seizures but also after secondarily generalized epileptic seizures. 6 Thus, this study investigates serum levels of CRP and IL-6 in patients with drug-resistant epilepsy compared to the other groups and the relation of these levels with seizure frequency.
Materials and methods

Patients
This study was conducted on 40 Egyptian children with epilepsy and 20 healthy controls. Patients' clinical data were evaluated and those who met the following inclusion criteria were included: (1) children with clinical diagnosis of epilepsy based on electro-clinical findings (seizure semiology and electroencephalogram (EEG)), who have primary generalized motor seizures or focal seizures with secondary generalization, according to the criteria of International League against Epilepsy (ILAE) 2010 guidelines. (2) Children with drug-resistant epilepsy, according to the definition of drug-resistant epilepsy of ILAE in 2010. 7 During the period of this study between February 2016 and November 2016, 257 children with epilepsy aged 5-15 years were interviewed; of those, 217 were excluded due to the following: (1) they were controlled under treatment, without any seizures. (2) Their imaging showed focal structural lesions as ischemic, hemorrhagic encephalomalacia, vascular malformation, traumatic lesions, or any congenital anomalies. (3) They had focal neurological deficit on examination. (4) Patients with acute infectious illness or inflammation at the time of the interview. Finally, we included 40 patients with drug-resistant epilepsy, mainly of generalized motor type (Figure 1) . We classified our patients who were included (40 patients) into two subgroups according to seizure frequency, a daily seizures group (Group A1), and a monthly seizures group (Group A2). Group A1: included 25 patients (17 males and 8 females). Group A2: included 15 patients (10 males and 5 females). Patients were recruited from Cairo University Epilepsy Clinic (CUEC) Kasr al-Aini Hospital and epilepsy Outpatient Clinic of Menoufia University Hospital. Group B was made up of 20 (12 males and 8 females) normal children age and sex matched healthy volunteers. All patients underwent: (1) a full neurological examination to exclude any focal neurological deficit, (2) an awake interictal long-term EEG under normal standard condition according to 10-20 international system of electrode placement, using mono and bipolar montages. (3) A brain magnetic resonance imaging (MRI) to exclude any central inflammation or infection. (4) Full routine blood tests, including complete blood count, liver function tests, kidney function tests, and serum electrolyte levels in an attempt to exclude any other systemic infectious or inflammatory diseases. No patient in either subgroup had undergone any immune-related treatments, such as adrenocorticotropic hormone (ACTH), glucocorticoid, or immunoglobulin therapies, in the last 6 months. Written informed consent from all patient guardians had been obtained. The ethical committee of Menoufia University hospital approved the study design.
Determination of serum CRP and IL-6 levels
Fasting samples were collected for IL-6 and CRP level measurement (time of the blood sample from last seizure >6 h and >48 h from status epilepticus, as they are sampled from stable patients at their follow up in the outpatient clinic). Blood samples (3 mL) were withdrawn from peripheral veins, left at room temperature for 30 min then centrifuged at 3000 r/min for 10 min to separate the sera, to analyze levels of CRP and IL-6 by enzyme-linked immunosorbent assay (ELISA). Sera were stored at −20°C till the time of assay. CRP and IL-6 concentrations were determined using commercially available kits (Immunospec Corporation (sunred) Co., China). The principal of the assay for CRP and IL-6 was ELISA for the detection and quantification of biological molecules secreted or released by cells. This method immobilizes and binds a target-specific captured antibody onto a high protein by ELISA plate, which in turn enables the capture of target protein.
The captured protein is then detected by a proteinspecific biotinylated antibody using Stat Fax 2100 microplate reader.
Statistical analyses
The data were summarized using mean and standard deviation (SD) for quantitative data with parametric distribution, median with interquartile range (IQR) for quantitative data with non-parametric distribution and number with percentages for qualitative data. When comparing two groups with quantitative data and parametric distribution, independent t-test is used. While comparing between more than two groups, one-way analysis of variance (one-way ANOVA) was used. Mann-Whitney U test was used to compare quantitative data with non-parametric distribution between two groups, while Kruskal-Wallis test was used between more than two groups. The chi-square test was used to compare groups according qualitative data. Logistic regression analysis was used to assess the independent risk factors of higher inflammatory markers. The confidence interval (CI) was set to 95% and the margin of error accepted was set to 5%, and a P < 0.05 was considered statistically significant.
Results
Clinical results
All participants were age and sex matched. The main clinical, electrophysiological, and MRI differences between the two patient subgroups, daily seizure group (n = 25) and monthly seizure group (n = 15), are summarized in Table 1 .
Patients with daily seizures had a younger age of onset of seizures (mean = 3.42 ± 1.80) than those with monthly seizures (mean = 5.80 ± 1.74), P = 0.004. The duration between seizure attacks (frequency of seizures) was shorter in daily seizures group (median (IQR) = 1 day) than in monthly seizures group (median (IQR) = 21 days) with P < 0.001. Number of status epilepticus or serial seizures, which required admission to hospital per year, was more in daily seizures group (mean = 16.27 ± 3.54) than in monthly seizure group (mean = 2.00 ± 0.00) with P < 0.001. All patients in daily seizures group were on polytherapy of 3-4 antiepileptics compared to 2-3 in patients of monthly seizures group, with P = 0.007. Myoclonic seizures were common in patients with daily seizures (10 patients), whereas no patient with monthly seizures had myoclonic seizures with P = 0.005. There was a difference between EEG findings in both groups with P = 0.009.
Inflammatory markers results
All initial routine laboratory results were within normal ranges, and inflammatory markers investigations show that levels of CRP were significantly higher in patients' groups (median (IQR) = 27.43 mg/L) than in control group (median (IQR) = 4.48 mg/L) with P < 0.001. Similarly, IL-6 levels were significantly higher in patients' groups (median (IQR) = 247.30 ng/L) than in control group (median (IQR) = 46.60 ng/L) with P < 0.001.
Among patients subgroups and control group, levels of CRP were significantly higher in daily seizure group (median (IQR) = 33.37 mg/L) than both monthly seizure group (median (IQR) = 20.92 mg/L) and control group (median (IQR) = 4.48 mg/L) with P = 0.007 and P < 0.001, respectively; also, CRP levels were significantly higher in monthly seizure group than control group with P = 0.002 (Figure 2 ).
IL-6 levels were significantly higher in daily seizure group (median (IQR) = 299.80 ng/L) than both monthly seizure group (median (IQR) = 142.20 ng/L) and control group (median (IQR) = 46.60 ng/L) with P = 0.005 and P < 0.001, respectively; also, IL-6 levels were significantly higher in monthly seizure group than control group with P = 0.003 (Figure 3) . 
Independent risk factors of higher inflammatory markers
Discussion
There is much research that suggests the crucial role that inflammation plays in both course and pathogenesis of epilepsy; however, the exact mechanism is still unknown. 8 The increase in IL-6 serum levels which in turn induce CRP production from hepatocytes indicating chronic inflammation.
In children with drug-resistant epilepsy, this is possibly due to the effect of daily multiple generalized motor seizures on sustaining the production of IL-6 before its degradation. 6 Increased CRP and IL-6 concentrations in patients with generalized motor seizures without any evidence of systemic or central nervous system infections or inflammation, compared with healthy controls, shows higher prevalence in patients with daily seizures compared to those with monthly seizures. This suggests that seizures could be a progressive disorder, leading to neuropathologic changes that in turn increase the severity of epilepsy. Our results were similar to the results of Ishikawa et al. in 2015, who found that levels of CRP and IL-6 were higher in daily seizure patients compared to monthly seizure patients and healthy controls. However, it is worth noticing that a significant difference was found between CRP and IL-6 levels in monthly seizure patients and healthy controls in this study, whereas in Ishikawa et al., 9 such difference was insignificant, and this may be due to the variation of sampling time in relation to seizures in this group.
In this study, it was found that frequency of seizures per day and number of status epilepticus per year are independent risk factors for increasing inflammatory mediators, besides early age of onset. Many studies agree with such results, correlating high seizure frequency with elevated IL-6 levels and consider drug-resistant epilepsy with daily seizures to have higher significant levels of IL-6 than less frequent seizures. 9, 10 No association was found in this study between AEDs polytherapy and increasing inflammatory marker levels. One study revealed no significant relationship between the number of AEDs used and CRP level. 11 However, another found a significant relation between increase inflammatory markers and AEDs usage explained by longer duration of AED therapy, which leads to rising risk of the acceleration of atherosclerosis in patients with drug-resistant epilepsy on polytherapy, independent from age, gender, and oxidative stress effect on atherosclerotic process. 12 In conclusion, systemic inflammatory response has been detected in children with drug-resistant epilepsy. This systemic inflammation may affect course as well as prognosis of their illness, so measuring and follow-up of these biomarker levels may be of value in those intractable patients.
